The primary purposes of this paper are to describe and present the cost analysis for developing and implementing an e-learning programme for the Royal Thai Government (RTG). This e-learning initiative was part of an attempt to initiate, capture and nurture knowledge for RTG staff. The study mainly focused on the common skills that could help all public agencies comply with the goals of the Good Governance Act of 2003 (GG). The study considered the necessary cost on both the initial and utilisation stages of e-learning. The cost analysis included comprehensive comparisons between e-learning and the traditional classroom approach. The relevant data were collected through surveys and interviews. The e-learning was more costeffective, given the size of 1.1 million RTG staff. The cost spent on one user or learner with e-learning decreased substantially as the number of learners increased. The suitable structure for implementing the RTG's e-learning indicated that the Learning Management System (LMS) component to be contracted out. At the same time, the remaining components (i.e. software, multimedia and contents of common skills as well as updating effort) are to be managed by the Office of the Public Sector Development Commission (OPDC). An overall cost-approximation function was also developed for the OPDC future use. Although the results from the cost comparison revealed many advantages, it is important to recognise the e-learning's limitations, including a lack of individual interaction and of personal networking. Finally, the results from this project would be used as a future baseline for the OPDC's planning and budgeting processes.
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Background
The paper is divided into several areas. They include the background on the key terms such as Knowledge Management (KM), e-learning, basic information on public-sector reforms in Thailand. The discussion contains the project's objectives and scope, its methodology and the results, including various cost comparisons between e-learning and a classroom method, proposed cost-approximation functions and practical benefits from e-learning. The analysis on the impacts from two key variables on the total cost on using e-learning was provided. In addition, the limitations on e-learning are recognised.
The need to practice KM had become more urgent in recent years. In Thailand, the expectation from the general population on the quality of services provided by public agencies had increased. At the same time, due to the pressure on the budget constraint while attempting to maintain and/or increase the quality level as well as continuous improvement on both operational effectiveness and efficiency, the need to manage (implying initiating, sustaining and nurturing) knowledge had ever been more demanding. In addition to serving the citizen needs, the administrators and key staff in each public agency were required to assess and improve their management systems and relevant internal processes, e.g. planning, staff development, procurement and budgeting processes.
The overall aspiration of the public-sector reforms in Thailand was to create public agencies that resembled a learning or knowledge-based organisation. Knowledge could be simply conceptualised as a layer consisting of data/information, expertise/skills, experience and eventually intellectual properties such as trademarks, copyrights, licenses, franchises ( Figure 1 ). KM represents an effort to ensure that knowledge would remain in an organisation (Wiig, 1999) . Therefore, it is important to capture and share such knowledge among individuals. Currently, this knowledge has been created through training and development, on-the-job experience, etc.
Figure 1
Knowledge layers and the knowledge management effort for the study Unlike the business firm, a governmental organisation could be considered as complex, large and spread-out. The RTG consisted of 19 ministries with 1.1 million staff. About 30% of them were assigned and located throughout the country. Therefore, it was obvious that information technologies such as web-based applications needed to be applied in order to minimise physical and communication barriers among governmental staff. In addition, it was unlikely that traditional training or skill development methods (e.g. use of classrooms, handouts, texts, lectures as a primary means of knowledge transfer and sharing) were suitable for speedy upgrade of governmental workforce in response to reforms and higher expectation from citizens. Coupled with the earlyretirement packages offered to governmental staff, the ability to prevent sharp performance drop-off and long maturity time (the time taken for a replacement to reach the performance level achieved by a previous staff) had to be taken into consideration. Therefore, the attempt to examine the potential and the possibility to apply the e-learning approach was initiated. The OPDC was assigned the responsibility over this examination.
The OPDC was a designated public agency that aims to assist public agencies in improving their performance levels. The OPDC had played a crucial role in public-sector reforms in Thailand since its inception in the late 1990s. Its primary goals were to create awareness and to assist other public organisations in achieving excellent results or high performance. Accountability and performance agreements (between agency heads or provincial governors and their corresponding permanent secretary) were the key components for this achievement. The Good Governance Act of 2003 (GG) was developed to ensure this goal. Its main contents included the need for all public agencies to be responsive to changes and citisens needs, to encourage public participation into their affairs, to become transparent, to improve a management system, to constantly monitor/evaluate/improve the performance levels, to become a learning entity, etc.
Due to the urgency and ongoing public-sector reforms, the awareness and skill development needed to ensure successful GG implementation and sustainability were tentatively set with a 5-year timeframe for all public agencies. In other words, to act upon and comply with the GG, the speedy upgrade of the skill among RTG staff became critical. This was due to the nature of public agencies that relied heavily on the staff to carry out the tasks. Simply put, the skill development for staff represented a critical success factor of KM and eventually performance excellence (Hung et al., 2005) . The OPDC regarded KM as crucial to the GG sustainability and success. As a result, KM reflected an important effort for public-sector reform initiatives to ensure sustainable and continuous performance improvement (Wong and Aspinwall, 2004) .
According to Wild, Griggs and Downing (2002) , the integration of e-learning with KM had become more practical and more apparent. E-learning helped make the creation and sharing of knowledge within an organisation faster, less expensive and more flexible. Based on Shooley (2004), e-learning offered many benefits such as: consistency of presentation -instructions are identical to all learners; global learning; self-pace learning; on-demand learning -learners can take classes when they want, where they want; and cost saving. Due to these advantages and the goal of having 1.1 millions RTG staff undergoing skill development in order to meet the GG requirements within the 5-year timeframe, the use of e-learning was suggested and subsequently needed to be studied prior to its deployment.
Objectives and project scope
The overall objectives of the project were to examine and analyse the costs of applying e-learning for skill development of RTG staff. The scope of this study was primarily on common skills. These common skills represented the skill areas, subjects and topics in which governmental staff, regardless of the ministries and departments, would have the possession. The common skills for this study were mainly for complying with the GG. The OPDC worked closely together with the Kasetsart University Research Team for project completion. In this paper, the e-learning system indicates the combined structure of the LMS, multimedia and content development and skill-development subjects. The e-learning programme implies the 5-year duration for the e-learning system's implementation. The cost analysis covered both investment and operational stages of the e-learning programme. In addition, the study had to take into consideration the maintenance and upkeep costs. Although the study included the examination on the benefits of e-learning, most materials in the paper to be presented are on the cost analysis and comparisons.
Methodology
This project embraced several conceptual thoughts embedded in systems engineering (Blanchard and Fabrycky, 2005) and mind mapping (Buzan, 2001) . The focus was divided into three areas that made up the e-learning system: course identification and design, content development and the LMS. The primary activities within the first area included the identification of skill development topics that were required by the GG, availability/capability/readiness of existing infrastructure (e.g. speed) and perception of e-learning by RTG staff. The essential tasks within the second area were the study into the media-delivery format, the determination into the delivery means to ensure compatibility across different operating system platforms (e.g. a standard for e-learning contents and delivery formats), etc. The critical tasks within the third area included the determination of the LMS functions, roles and responsibilities during implementation, etc.
The surveys and interviews were conducted, with strong support and cooperation from the OPDC, for data gathering and collection on the expected costs and benefits of e-learning. Both the central agencies (located in Bangkok) and the provincial administrations were included. The staff, who were residing in Bangkok and upcountry, have been asked to participate in the surveys. A total of six ministries (e.g. Ministry of Agriculture and Cooperatives, Ministry of Interior) with more than 1,200 staff participated in the study. The interviews were also conducted with the organisations that had experience in e-learning and with the experts in order to identify its likely practical benefits.
Results
The results, derived from the three areas discussed earlier, primarily included:
1 the list of skill-development subjects with their priority and organisation -to highlight the need to seriously consider the use of e-learning for the requirement of a 5-year duration for skill development and upgrade 2 current computer and network capability -to provide the rationale for the selection of a suitable content for the RTG 3 multimedia and content development cost 4 investment and operation/maintenance or upkeep costs for LMS.
These results were the inputs for the cost analysis and comparisons, and later for developing the e-learning's cost-approximation functions. They are as follows 1 A comprehensive examination was made into key legislations from the USA and other countries that were compatible with and were relevant to the RTG's GG in order to identify common skills required. Such key legislations included Government Performance and Results Act (1993), Government Management Reform Act (1994) and Information Technology Management Reform Act (1996) . To help verify these proposed course designs, many comparisons were made with those offered by other governments that had already undergone through vigorous public-sector reforms, such as British, Australian, Singaporean and US governments. In alignment with the GG, there were 176 common-skill subjects proposed, which could be further classified into 37 key areas and 10 competency programmes. Furthermore, it would be possible for the OPDC to add more contemporary topics, e.g. market management, contract management. This was due to continuous changes in governmental approaches in addressing public problems and concerns such as deploying the government by network concept (Goldsmith and Eggers, 2004) and creating high-impact middle management (Haneberg, 2005) concepts (see Appendix for the details). These 176 subjects, in accordance with the discussion with the OPDC, were classified into three levels, namely basic, intermediate and advance. Most of the 176 subjects would involve at least 100,000 staff from the junior and middle levels. It was clear at this point that there was strong possibility that the OPDC would not be able to handle all of the proposed subjects within a 5-year period. This helped underline the need to seriously consider e-learning as an alternative for skill development (Table 1) .
2 The questionnaires were sent to help determine whether public agencies were generally ready to apply e-learning. Simply put, the objective was to assess the capability of computers and internet connections and staff's attitudes towards e-learning. The findings showed their widespread openness to the use of e-learning. With regard to the existing internet infrastructure, public agencies in Bangkok had faster internet connection than those in the rural areas, which were still mainly connected via low-speed modems. According to the responses, approximately 58% of Bangkok-based departments from the surveyed ministries had internet speed between 1-10 Mb while more than 63% of province-based administrations still had less than 256 Kb internet speed. Because the connection speeds varied, the e-learning content had to be able to accommodate both ends by having at least two versions available, one for low speed and the other for high speed.
3 Additional related data for the cost analysis and comparisons were collected from the multimedia developers. Several forms that had been adapted for e-learning in Thailand were studied, e.g. low graphic (text mode), low graphic (two-dimension animation), high graphic (two-dimension animation with video clips) and highinteractive contents. Given the in-depth discussions with the popular content developers in Thailand such as Global Wireless, TeamMer & Partners, Virtual Link Solutions and A.R. Information & Publication, coupled with the previous results on basic infrastructure, it was agreed that the form of low graphics (with simple twodimension animation with some video clips) would be the most suitable (see Table 2 for the cost relating to a low-graphic presentation).
4 With respect to other relevant costs, the study focused on investment, operation and upkeep activities that related to the LMS. Five of the world leaders in LMS market according to Gartner research report (Lundy and Walidr, 2004) participated and collaborated in an interview with research team to obtain the estimated cost data. The proposed functions for the RTG's LMS included registration and performance report, list of current/future subjects and curriculums, record update and keeping, tests and examinations, verification on subject sequences and pre-requisites during enrolment, payment and security and privacy protection. The LMS's cost data were estimated in terms of the number of learners participating in e-learning (Table 3) .
Table 1
Classifications of the skill-development subjects to achieve the GG Overall cost for content development 100,000-200,000 300,000-500,000 100,000-150,000 500,000-1,000,000 
Analysis of results
One of the study's requirements was to quantitatively compare between the use of e-learning and the traditional classroom approach. In this study, the cost comparisons were based on two circumstances as agreed with the OPDC: investment and operating costs with respect to the number of learners; and investment and operating costs with respect to both the number of skill-development subjects and the number of learners. In general, the cost of the e-learning programme could be described by the following equations:
where ACEL: an annual cost of e-learning; SC: an annual e-learning system cost; CC: an annual cost of e-learning contents.
where SW: an annual software related cost; HW: an annual hardware related cost; IM: an annual implementation cost, e.g. consulting fees for system implementation (such as technical assistance to help operate the LMS), programmer wages.
MA: an annual maintenance/ upkeep cost
where i: an index of the skill development or training subjects; n: a total number of skilldevelopment subjects; DEV i : an annual media development cost of the ith subject; INS i : an annual instructor cost of the ith subject; ADMIN i : an annual administrationrelated cost of the ith subject.
The cost of traditional trainings (classrooms) could be described in the following equation:
where ATTC: an annual cost of traditional training or skill development -classrooms; i: an index of the training subjects; j: an index of the repeated training classes; k: an index of the learners who need to travel to attend the session; n: a total number of skill development subjects; N: a total number of required classes for each subject; M: a total number of the learners who must travel to attend the session; INS ij : an instructor cost of the jth repeated classes for the ith subject; ADMIN ij : an administration related cost of the jth repeated classes for the ith subject, e.g. meeting room fee, overhead cost,; LC ij : a learner-related cost of the jth repeated classes of the ith subject, e.g. food and beverage, training document, folder; TRV ijk : a travelling-related cost, such as hotel and transportation, for kth learner who travelled to attend the jth repeated classes for the ith subject.
The development and structure of these cost equations [from Equation (1) to Equation (4)] was based on the interviews with the companies mentioned earlier. At the same time, these equations were one of the key discussion points for review and feedback with a group of experts from the Continuous Learning Centre at Chulalongkorn University (Bangkok, Thailand) and the Department of Computer Engineering at Kasetsart University (Bangkok, Thailand). It was agreed that the four equations appeared to contain relevant cost components. In addition, there were four key assumptions embedded in this cost comparison work:
1 The cost models were computed based on 50 required skill-development subjects over a period of 1 year. This number was deemed practical by the OPDC.
2 Each traditional skill-development class could accommodate 300 participants (learners).
3 About 30% of all participants for each class had to travel to the session.
4 The 6-hour traditional training was equivalent to 4 hours when using online media.
For the first circumstance, the cost of e-learning was higher when the number of learners was below approximately 1,200 persons. The reason was that e-learning required a huge initial investment on hardware, software and content development (Figure 2 ). Interestingly, after the breakeven point had been identified, the cost of the traditional classroom approach was exponentially higher. This was clearly illustrated when there were more than 2,000 learners. This could be attributed to the repeated training sessions. On the contrary, the number of learners hardly had any impact on the cost when using e-learning. Therefore, the number of learners appeared to have much stronger impact on the cost of classroom trainings. The reason was that most of the costs of classroom trainings [from Equation (4)] would increase proportionally with the number of learners (Figure 3 ). To further assist the OPDC's planning on the future implementation of e-learning, the idea of creating a cost-approximation function was suggested. This cost-approximation function represented a mathematical equation that would be derived from, and would be proven to fit with, the graphical results such as those shown earlier in Figures 2 and 3 . The results from Table 4 showed that there were two suitable cost-approximation functions for either e-learning or classroom trainings due to the breakeven point previously stated. For this study, a suitable equation or function needed to be above the level of 0.80, characterised as an acceptable value of R 2 . This was to ensure the degree of confidence in the equation's predictability. This function could be used to assist the OPDC in design and planning, including the level of budget to be requested and so on. In other words, the proposed cost-approximation function could be served as a baseline or a starting point for the OPDC planning tasks on budget preparation and formulation, and sensitivity analyses by varying number of learners to be participated and/or of subjects to be offered (in case of changes in priority and urgency), etc. Table 4 Cost-approximation functions for the first circumstance x: number of learners 1,000 < x 100,000
An additional analysis was conducted for the second circumstance -simultaneous consideration into both the number of skill-development subjects and the number of learners. Based on Figure 4 , the number of skill-development subjects had strong impacts on the cost of traditional classroom approach regardless of the size (whether it was for the 1,000, 10,000 or 100,000 learners condition). At the same time, the number of skilldevelopment subjects seemed to only have strong impact on the cost of e-learning only when there were less than 1,000 learners. For the range of 10,000 and 100,000 learner scenarios, the number of subjects had very minimal effect on the cost of e-learning. This supported the notion that the cost per learner decreased as the number of learners increased for e-learning. This is due to the fact that the additional cost to accommodate more learners was not needed. On the contrary, administrative-related cost (such as lecture documents) for the traditional classroom approach increased as the number of learners increased. Each of the three conditions, for either e-learning or traditional classroom approach, required its own cost function. The similar level of R 2 was used to ensure the cost-approximation function's predictability (Table 5 ).
Figure 4
Impacts from the number of skill-development subjects for a given number of learners on the total cost Given data from Tables 4 and 5 , it was possible to formulate the general or overall costapproximation function of e-learning for the RTG. This function could be demonstrated as follows.
The cost-approximation function for e-learning for the RTG (in million Baht) = (1.6)X 1 + (0.000431)X 2 + 2.9045 (5) where X 1 : number of skill-development subjects offered via e-learning; X 2 : number of learners.
Discussion
The cost comparisons provided clear evidence that supported the initiative on the use of e-learning. The use of e-learning became much more attractive as the number of learners was bigger, given at least 50 skill-development subjects to be offered each year. The rate of increase in the total cost for the traditional classroom approach was proportional to the increase in the number of learners. On the contrary, it was not the case for e-learning [see Table 6 for the results from Equation (5)]. To support the findings from the cost comparisons, the examination into the use of e-learning was also made on its potential practical benefits. Thanks to the interviews with the system administrators, the users and the so-called experts in e-learning from various organisations (e.g. the Siam Cement Group, Seagate Technology, Thai Airways International), practical benefits from e-learning were identified as follows:
1 Flexible schedule. The e-learning approach would allow participating staff to choose their convenient schedule and the length of time to learn. The e-learning system was presumably available almost 24 hours a day for 365 days. There would be no ceiling on the number of participants in one subject. In contrast, for the traditional classroom approach, its quality heavily depended on the number of participants in each training session. Based on the interviews, the RTG training session was usually organised around 100-200 participants, especially for junior staff where the quality and consistency of learning had been the issues of concern. In addition, many participants had experienced schedule conflicts and sometimes could not attend the entire session due to work-related assignments (Gunasekaran, McNeil, and Shaul, 2002 ).
2 Self-pace learning. Unlike learning in an educational institute, the participants from the RTG in each session were likely to have different backgrounds, e.g. ages, educations, personal interest. The e-learning approach allowed individuals to manage the speed of learning by themselves. On the contrary, in the classroom-setting environment, especially with the large size, the participants who could not catch up with the instructor often felt isolated and embarrassed to ask an instructor to repeat or to re-visit the context. With e-learning, it allowed the participants to repeat or replay the context as often as needed. In addition, the participant could discuss with the instructor in more private situation via many communication tools, such as e-mail, chat room, web board (Liebowitz, 2003) .
3 Progress monitoring. If the OPDC decided to move ahead with the e-learning programme, it would need to more effectively utilise the functions embedded in the LMS. The LMS would potentially act as a central portal for all the parties, such as instructor, learner, administrator and learner supervisor for monitoring and evaluation. The LMS would allow the OPDC or even a human-resource development unit within each ministry or department to track the individual progress and to assist in the competency analysis and report (Cegarra-Navarro and Sabater-Sanchez, 2005) . Furthermore, a staff could register any additional subjects that he/she was interested in via LMS access even though that subject might not be required. As a result, the LMS would create a community of learning without the departmental or ministerial boundary. This community of learning would be a key element in driving the organisation to have better learning and subsequently knowledge-based characteristic (Lin and Tseng, 2005) .
4 Rapid training. Another advantage of the e-learning approach for KM was that the OPDC could rapidly provide a mass skill development over a short period of time (de Gooijer, 2000) . For the traditional classroom approach, the train-the-trainer approach -where many trainers were trained and then sent to train the others -has been commonly used in order to achieve a mass training within a short timeframe. However, it was difficult to control the consistency of the presentations of the trainers to all learners. In contrast, the presentations of the materials via e-learning approach were identical to all learners -positive impacts on knowledge management (Hong and Kuo, 1999) .
Finally, for the e-learning system's structure to be recommended for the OPDC, the most inexpensive way would be for the OPDC to purchase the LMS that allowed the governmental staff to access the e-learning system. This was due to the fact that most of the LMS vendors set their price (fees) according to the registered learners. As the number of learners was higher, the cheaper the license fees per learner would become. Therefore, the centralised LMS was definitely less expensive than for each ministry or department to develop its own LMS. For the content development (unlike traditional training where the cost depends on the number of training sessions), once developed, it could be shared/reused/accessed by unlimited number of learners. As the number of learners became bigger, the cheaper the media development cost per learner would be. Thus, the OPDC would be primarily responsible for determining/updating skill-development subjects and for managing content development while the LMS would be under the supervision of another central agency, possibly the Ministry of Information and Communication Technology.
To ensure the continuation of the use of e-learning, the OPDC was recommended the followings. The monitoring and evaluation of the impacts from e-learning needed to relate with organisational performance such as effectiveness, efficiency and service quality delivered to people. Continuous feedback on the attitude of RTG staff on e-learning would be critical. The possibility of the internet-account purchase by the OPDC so that RTG staff could use e-learning at home was also mentioned. Some administrative issues would have to be addressed in the near future such as whether e-learning usage hours would be counted as the regular working hours, etc. Finally, the update/continuous revision on the cost-approximation functions was strongly urged (once the actual cost data began to emerge).
Given the issues of flexibility, short timeline and diverse backgrounds from participants, the use of e-learning appeared to be more feasible. According to the study, e-learning had many benefits and cost advantages; its shortcomings needed to be recognised. For some RTG staff, there were concerned about the financial implications, implying no travelling and meal allowances. Some doubted whether there would be available time and energy to learn new subjects after such long working hours (due to family consideration and work fatigue). Some expressed concern over a lack of individual interactions and of forming personal networking. They believed that the personal contacts and connection were extremely important. As a result, the traditional classroom approach could not be altogether abandoned.
Conclusion
This paper presents the initial analysis of e-learning for the RTG with respect to its cost and benefits. This project was part of the KM effort to help prepare the RTG staff for effectively complying with the GG requirements. The extensive cost comparisons between e-learning and the traditional classroom approach were illustrated. Several cost models relating to e-learning were demonstrated, including the general costapproximation function. The benefits of e-learning were also presented. Finally, the shortcomings and issues of concern when using e-learning were discussed. 
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